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GENERAL  PHYSIOLOGICAL  ASPECTS  OF  THE 
PROBLEM  OF  THE  PERCEPTION  OP  WEAK 
SIGNALS  BY  AN  ORGANISM 

G.F.  Plekhanov 

The  definition  of  the  concent  "weak  signal"  as  ap- 
nlied  to  biological  systems  is  given.  The  qualitative 
and  quantitative  indices  of  the  signal  as  a material  in- 
formation carrier  are  determined.  Cases  of  the  effect 
of  a stimulus  on  a living  organism  are  classified. 

The  problem  of  the  perception  of  weak  signals  by  an  organism 
from  a methodological  viewnolnt  is  broken  down  into  a number  of 
elementary  nositons,  which  are  in  need  of  a clearer  description 
and  definition.  The  need  for  such  a work  is  created  by  the  fact 
that  the  lack  of  understanding  due  to  the  terminological  dis- 
crepancies can  greatly  complicate  the  investigations  and  exchange 
of  opinloun  in  this  direction.  Therefore,  it  is  expedient  from 
the  very  beginning  to  attempt  to  give  as  accurate  characteristics 
of  the  terms  used  here  as  possible,  to  introduce  the  acceptable 
classification  of  the  concepts,  and  to  limit  the  sphere  of  their 
applicability  as  clearly  as  possible. 

The  term  "weak  signal"  is  borrowed  from  the  phyciotechnical 
disciplines,  where  it  has  the  meaning  of  "a  signal  which  is  com- 
parable or  found  below  the  level  of  noise."  For  physiology  such 
a definition  is  not  always  sufficient,  since  a considerable  part 
of  the  technically  "strong"  signals  can  prove  to  be  "weak"  physi- 
ology (signals  of  radio  communication  and  television,  electrical, 
magnetic  fields,  and  so  on).  It  is  natural  to  consider  the  physl- 
ologicallv  weak  signals  which  are  found  on  the  threshold  or  under 
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the  threshold  of  oerceptlon  by  the  organisms.  However,  different 
organisms  have  different  ranges  and  thresholds  of  sensitivity,  and 
therefore  if  we  take  the  given  formulation,  it  would  be  necessary 
to  point  out  additionally  for  which  kind  of  animals  the  signal  is 
weak.  It  is  convenient  to  use  the  subjective  sensitive  of  man 
as  the  general  ohyslological  characteristic.  In  this  case  the  sig- 
nals not  perceivable  by  man  can  be  considered  to  be  weak.  This 
definition  requires  a clearer  classification  of  the  natural  sig- 
nals from  a physiological  viewpoint. 

The  term  "signal"  has  a double  meaning:  information  and  ener- 
gy. As  a carrier  or  element  of  information  it  is  determined  by 
purely  informational  criteria  without  reference  to  the  specific 
material  form  of  its  existence,  and  here  concepts  of  isomorphism, 
coding  and  so  on  are  applicable.  At  the  same  time  each  real  sig- 
nal has  a completely  defined  material  base  and  can  be  considered 
as  the  manifestation  of  one  or  another  form  of  the  movement  of 
matter.  Unlike  the  informational  characteristics,  examined  suf- 
ficiently in  detail  by  the  information  theory,  the  energy  affili- 
ation of  the  signal  is  considered  considerably  weaker,  although 
the  role  of  its  individual  particular  cases  is  sufficiently  great. 
Thus  in  the  development  of  the  specific  receiving  device,  there 
is  considerable  importance  in  not  only  the  information  content 
of  the  signal  but  also  its  energy  nature  (electromagnetic,  sound 
optical,  etc.).  It  is  especially  important  to  consider  its  ener- 
gy nature  in  the  study  of  the  perceptlcbn  of  the  perception  of 
weak  signals  by  the  organisms  or  signals  not  perceivalbe  by  man. 
Furthermore,  the  theory  of  the  structure  of  the  signals  was  de- 
veloped predominantly  for  the  satisfaction  of  requests  of  tech- 
nologv,  communication  theory, and  information  theory,  and  therefore 
the  main  attention  was  given  to  the  artificial  signals  designated 
for  the  transmission  of  Information  to  a definite  device.  The 
different  organisms,  in  particular,  man,  for  the  perception  of  the 
surrounding  environment  are  forced  to  use  for  the  most  part  natur- 
al signals,  irrespective  of  their  existing  signals.  Corresponding 
to  this,  the  accepted  definitions  and  classifications  can  not  be 
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unconditionally  used  in  the  study  of  the  oercention  of  signals  by 
organisms . 

A more  extensive  definition  of  the  signal  is  given  by  P.P. 
Tarasenko  [1,  2],  "Any  state  of  a physical  object  can  be  con- 
sidered as  a signal."  It  refers  to  the  .natural  signal  but  covers 
nractically  all  the  actually  existing  signals.  However,  for  the 
refinement  of  the  concent,  it  is  expedient  to  renlace  the  word 
"nhyslcal"  by  the  word  "real,"  since  the  different  chemical,  bio- 
logical and  Dsychologlcal  states,  which  have  great  meaning  for  the 
living  beings,  are  not  always  simnly  imagined  as  a nhyslcal  state. 
Furthermore,  it  is  useful  to  add  the  expression  "and  change  of 
states"  to  the  term  "state."  This  addition,  which  ensues  naturally 
from  the  context  of  the  cited  works,  must  be  made  because  many  or- 
ganisms react  not  so  much  to  the  state  as  to  the  change  in  the 
state  of  the  object.  In  final  form  the  definition  of  the  signal 
can  be  given  in  the  following  way:  any  state  or  any  change  in  the 
state  of  any  real  object  can  be  considered  as  a signal. 

According  to  the  existing  classifications,  the  signals  are 
subdivided  into  two  classes:  1)  static  - designated  predominantly 
for  the  storage  of  Information;  2)  dynamic  - intended  predominantly 
for  the  transmission  of  information. 

Furthermore,  a number  of  parameters  of  the  signal  are  dis- 
tinguished: 1)  structural  parameters  - which  characterize  the 
number  of  degrees  of  freedom  of  the  signal  ; 2)  parameters  of 
sampling  or  parameters  of  distinction,  which  Inform  about  the 
affiliation  of  the  given  signal  to  a certain  group;  3)  informative 
parameters,  which  are  designated  directly  for  the  representation 
of  the  information  being  transmitted. 


Finally,  three  types  of  signals  are  distinguished:  1)  commun- 
ication signals  or  direct  signals;  2)  signals  of  measurement;  3) 
natural  signals,  i.e.,  signals  not  generated  for  any  purpose  but 
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This  classification.  Just  as  any  other,  is  conditional  to  a 
certain  degree  and  is  not  comoletely  convenient  for  the  study  of 
the  ohysiology  of  equipment  for  analysis.  The  main  discrepancy 
lies  in  the  fact  that  the  classes,  types  and  parameters  of  the 
signals  are  distinguished  here  as  different  groupings  of  the 
signals,  which  are  specially  and  artificially  created  by  man  for 
the  fulfilment  of  different  tasks.  At  the  same  time  in  the  study 
of  the  sensitivity  of  the  organism,  the  leading  process  is  the 
process  Itself  of  the  interaction  of  the  signal  and  the  living 
organism.  Therefore,  as  the  basis  of  the  classification  for  the 
given  case,  it  is  appropriate  to  take  the  natural,  actually  exist- 
ing signals  and  then  divide  them  according  to  the  basic  qualita- 
tive and  quantitative  indices. 

The  concept  of  the  signal  as  a .material  information  carrier 
is  closely  connected  with  the  concept  of  the  form  of  movement  of 
the  matter.  Therefore,  it  is  natural  to  divide  qualitatively  the  ' 

actually  existing  signals  into  a number  of  classes  in  conformity  * 

with  the  affiliation  of  them  to  the  defined  form  of  movement  of  the  j 

matter.  j 

Five  elementary  forms  of  the  movement  of  matter,  studied  by  | 

the  appropriate  sciences  and  their  divisions,  are  known.  | 

1.  The  movement  of  bodies  - mechanics.  | 

2.  The  movement  of  molecules  - heat  physics.  j 

3.  The  movement  of  atoms  in  molecules  - chemlstrv. 

4.  The  movement  of  electrons  - electricity,  optics. 

5.  The  movement  of  particles  of  a nucleus  - nuclear  physics. 


Furthermore,  as  a result  of  the  complication  of  the  structure 
and  function  on  earth,  there  exist  three  complex  forms  of  the  move- 
ment of  matter: 

1)  biological  - life  of  the  organism; 

2)  nsvchlc  - consciousness  of  the  organism; 

3)  social  - life  of  the  organism. 
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Their  definite  signals,  which  have  a snecific  energy  nature,  i 

corresnond  to  each  form  of  the  movement  of  matter.  J 

The  division  of  the  Infinite  multitude  of  signals  into  a num-  i 

her  of  grouDS  makes  it  possible  to  be  oriented  in  them  easier  but  < 

far  from  sufficient  for  the  more  accurate  qualitative  character-  | 

istic  of  the  signal.  Therefore,  each  form  of  the  movement  or,  j 

which  is  the  same,  each  class  of  signals,  must  be  subdivided  into  I 

a definite  quantity  of  subclasses,  ■ ranges  and  sections  in  con-  | 

fomitv  with  generally  accepted  division.  1 

I 
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This  qualitative  characteristic  of  any  real  signal  can  be  I 

called  its  "energy  nature." 

It  is  easy  to  see  that  the  energy  nature  of  the  signal  accord- 
ing to  the  given  classification  very  closely  coincides  v;lth 
sampling  parameters  accepted  in  the  theory  of  the  structure  of  the 
signals.  However,  in  covering  all  forms  of  the  movement  of  the 
matter,  the  classification  cited  here  possesses  a greater  univer- 
salltv  and  is  applicable  to  any  real  signals.  Furthermore,  the 
distinction  of  this  parameter  as  the  main  characteristic  of  the 
signal  makes  it  possible  to  underline  its  leading  importance  in  the 
classification  of  the  natural  signals  and  also  in  the  study  of  the 
perception  of  the  signals  by  the  organism. 

Let  us  call  the  second  most  important  quantitative  character- 
istic of  thq^ignal  its  structure,  l.e.,  the  distribution  of  in- 
tensitv  of  the  signal  with  time.  In  general  this  function  can 
be  sufficiently  complex;  however,  from  a physiological  view- 
point and  also  in  the  solution  to  the  many  technical  problems,  j 


more  important  is  the  simplest  case  when  the  signal  has  the  form 
of  a square  pulse  of  sufficient  length  and  the  receiver  (instru- 
ment, animal,  man)  must  accomplish  an  alternative  selection  - to 
determine  the  presence  or  absence  of  the  signal.  Such  a signal 


of  any  energy  nature  has  a number  of  quantitative  parameters,  the 
more  important  of  which  can  be  considered  as:  1)  intensity,  2) 


duration,  3)  rate  of  turning  on  and  turning  off. 


With  resoect  to  each  of  these  parameters,  the  signal  can  prove 
to  be  physiologically  weak.  Thus  in  the  determination  of  the 
threshold  of  perception  'fe^one  being  tested,  there  are  presented 
signals  of  different  intensity  knowingly  above  the  threshold  dura- 
tion, which  are  turned  on  and  turned  off  quite  rapidly.  If  in  the 
course  of  such  an  experiment  presented  to  the  one  being  tested  is 
a signal  the  intensity  of  which  is  lower  than  the  threshold,  then 
for  a given  person  such  a signal  will  be  weak  physiologically  or 
"weak  with  respect  to  intensity."  Established  by  this  means  are 
the  mean  statistical  thresholds  of  the  perception  of  man.  If  in 
a similar  experiment  there  is  presented  to  the  testee  a signal  the 
Intensity  of  which  will  krowingly  be  above  the  threshold  but  will 
sharply  reduce  its  duration,  then  such  a signal  will  also  not  be 
perceived  by  man,  and  it  can  also  be  considered  physiologically 
weak  or  "weak  with  respect  to  duration"  [3,  ^].  Furthermore,  with 
a gradual  turning  on  and  turning  off  of  the  signal  there  appears 
no  perception  in  the  person,  even  if  the  amplitude  of  the  signal 
somewhat  increases  the  threshold  magnitude,  and  the  duration  is 
taken  knowingly  above  the  threshold.  That  is, the  signal  can  prove 
to  be  "weak  with  respect  to  the  transition  characteristics." 

In  a number  of  cases  a definite  role  is  played  by  the  change 
in  intensity  within  the  square  pulse  produced  according  to  one 
or  another  rules.  This  characteristic  of  the  elementary  signal, 
which  is  snuare  in  shape,  can  be  called  the  internal  structure. 

The  signal  can  be  flll<=d  by  square  exponential  pulses  of  definite 
parameters,  modulated  by  any  method,  including  variations  in  the 
freauencv  , Phase,  band,  ar.i  so  on.  Such  a comnlex  signal  needs 
a more  detailed  descrir tio.. . Thus,  if  used  as  the  signal  is  an 
electrical  field  (qualitative  characteristic),  then  it  can  be 
described  quantitatively  by  three  parameters:  1)  intensity  - field 
intensity  (V/m,  pV/m) ; 2)  duration  - time  for  which  the  field  is 
turned  on  (seconds);  3)  transitional  characteristics  - time  of  the 
turning  on  and  turning  off  (seconds). 
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It  Is  possible  to  complicate  this  simple  signal  by  inter- 
ruDting  or  changing  the  field  strength  according  to  any  law.  For 
example,  the  field  strength  can  be  periodically  changed  according 
to  the  sinusoidal  law  with  modulation  coefficients  of  0 to  100%, 
l.e.,  the  alternating  field  with  its  parameters  is  superimposed 
onto  the  permanent  electrical  field.  The  signal  can  be  represented 
also  by  the  seauence  of  the  exponential  pulses  of  the  electrical 
field,  the  duration  of  each  separate  pulse  being  much  less  than  the 
duration  of  the  signal.  Such  a seauence  of  the  exponential  pul- 
ses of  definite  duration  and  repetition  frequency  can  be  filled 
by  high-frequency  oscillations  of  the  electromagnetic  field  having 
their  parameters  and  so  on.  In  other  words,  in  the  case  of  the 
use  of  the  complex  signal,  a detailed  description  of  its  Internal 
structure  has  considerable  importance. 

Thus  the  signals,  irrespective  of  their  perception  by  the 
organisms,  can  be  considered  completely  described  if  their  basic 
parameters  are  indicated:  1)  energy  nature,  i.e.,  an  affiliation 
to  the  definite  section  of  the  specific  form  of  movement  of  matter; 
2)  structure  - amplitude  of  the  signal,  duration  and  transitional 
characteristics,  and  also  the  character  of  the  filling  or  internal 
structure . 

When  the  question  of  the  perception  of  the  signals  by  the 
organisms  is  considered,  then  besides  the  parameters  listed,  the 
very  process  of  the  interaction  of  the  organism  with  the  signal 
has  significant  importance.  Man  does  not  perceive  a signal  if: 

1)  The  energy  nature  of  the  signal  emerges  outside  the  limits 
of  the  specific  range  of  its  sensitivity.  Thus  the  electrical, 
magnetic,  electromagnetic  fields  (with  the  exception  of  the  optical 
and  near  Infrared  region),  infra-  and  ultra-sound,  flows  of  ele- 
mentary particles  and  so  on  are  not  perceived  by  man. 

2)  The  specific  signal  proceeds  to  the  inadequate  receptor 
(light  or  odor  to  the  skin,  sound  to  the  eyes,  taste  substances 
to  the  organ  of  .hearing,  etc.). 

3)  Structural  parameters  of  the  signal  in  their  totality 


emerge  outside  the  limits  of  the  appropriate  thresholds  of  man, 
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i.e.,  the  signal  in  the  comolete  sense  of  the  word  is  weak.  ‘ 

i 

I 

Corresnondlng  to  this,  the  signals  not  perceivable  to  man  ' 

can  be  divided  into  three  grouos : 1)  nonspecific;  2)  sneciflc  in-  | 

adequate;  3)  weak  snecific.  ' 

i 

j 

It  is  easy  to  see  that  from  the  vlewooint  of  the  oercention  | 

by  an  organism,  there  is  no  difference  between  the  nonsoecific  j 

and  inadequate  signals,  and  if  we  examine  the  signals  irresnective  | 

of  their  recentlon,  then  the  inadequate  and  soeclfic  signals  are  I 

also  united  into  one  group.  However,  methodically  such  a division  | 

with  resnect  to  the  two  criteria  is  sufficiently  convenient. 

In  turn,  the  nonspecific  signals  can  be  divided  into  two 
grouos:  the  knovm  and  still  unKnown  energy  nature.  Referring  to 
the  first  are  the  already  listed  signals  (electromagnetic,  ultra- 
sonic, the  odors  not  perceivable  by  man,  cosmic  rays,  and  so  on). 

The  signals  of  the  unknown  energy  nature  can  be  considered  also 
those  which  precede  earthquakes,  volcanic  eruptions  and  accompany 
changes  in  solar  activitv  and  certain  other  natural  Phenomena. 

These  signals  are  ob.jectively  perceived  by  different  animals  and 
man,  and  under  their  effect  definite  physiological  functions  and 
the  behavior  of  organisms  are  changed;  however,  we  cannot  as  yet 
determine  the  energy  nature  of  the  signals.  In  the  process  of  the 
accumulation  of  knowledge,  the  nonspecific  signals,  the  nature  of 
which  is  unknown,  will  gradually  change  over  to  a group  of  known 
signals.  For  example,  the  ability  of  a .jellyfish  to  change  its 
behavior  ahead  of  time  before  a storm  was  found  to  be  rather 
simple  and  associated  with  the  perception  of  infrasonic  noises  of 
the  sea. 

In  final  form  the  classification  of  the  natural  signals  from 
the  viewpoint  of  their  perception  by  organisms  can  be  represented 
by  the  fCilowing  diagram: 
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Qualitative  Characteristics  of  the  Signals 
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Quantitative  Characteristics  of  the  Elementary  Signal 


Duration  Internal  structure  Intensity  Transitional 

or  filling  characteristics 

The  oronosed  classification  of  the  natural  signals  makes  it 
oosslble  to  be  somewhat  better  oriented  in  their  infinite  diversity 
and  uniquely  determine  any  real  signal. 

Thus  the  nroblem  of  the  oerceotion  by  the  organisms  of  weak 
slganals  is  reduced  here  to  the  classification  of  the  natural  sig- 
nals with  resnect  to  the  qualitative  and  quantitative  character- 
istics. This  was  necessary  to  do  because  of  the  fact  that  accord- 
ing to  any  of  the  oarameters  given  above  the  signal  can  nrove  to 
be  ohyslologlcally  weak.  Conseauently , the  term  "physiologically 
weak  signal"  by  Itself  is  not  unique. 

The  sensitivity  of  man  to  the  specific  adequate  signals  is 
considerably  affected  by  their  quantitative  characteristics.  In 
the  region  of  the  small  times,,  the  threshold  sensitivity  sharoly 
increases  along  the  force-duration  curve  and  beginning  from  10-3^ 
ms  becomes  constant,  being  lowered  with  long  signals  as  a result 
of  the  adaptation,  i.e.,  with  respect  to  the  duration  of  the  signal 
there  is  an  optimum  clearly  limited  in  the  region  of  small  dura- 
tions and  weaklv  limited  in  the  region  of  large  durations  [3,  5]. 
With  respect  to  Intensity  a signal  effect  is  possessed  by  stimuli 
the  density  of  the  flow  of  power  of  which  is  found  in  limits  of 
in”^^-10”^  W/m^,  having  an  optimum  in  the  region  of  10  . With 
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resDect  to  the  Internal  structure,  the  more  optimal  signals  can  be 
considered  the  signals  renresented  by  a series  of  millisecond  pul- 
ses following  with  a frequency  of  300-^00  pulses/s  [6].  The  slope 
of  the  fronts  also  has  optimal  values  in  a number  of  cases. 

In  generalizing  the  obtained  data  on  the  sensitivity  of  the 
organisms  to  the  nonspecific  signals,  it  is  possible  to  assume 
that  the  found  optimal  values  of  the  quantitative  parameters  of  the 
signal  for  them  are  also  applicable.  An  experimental  check  of  this 
position  showed  that  man  can  objectively  perceive  an  electromag- 
netic field  with  a frequency  of  735  kHz,  modulated  by  a series  of 
exponential  pulses  following  with  a frequency  of  150  pulses/s  with 
an  average  strength  of  60  yV/m  [8].  These  data  allow  drawing  the 
conclusion  about  the  fact  that  the  term  "weak  signal"  from  a 
Physiological  viewpoint  generally  is  not  correct,  since  the  sen- 
sitivity of  the  organism  is  nonlinearly  associated  with  the  quan- 
titative characteristics  of  the  signals  and  has  optimal  values  with 
respect  to  each  of  them. 

In  conclusion  it  is  appropriate  to  discuss  the  principal 
difference  in  the  two  similar  expressions  "perception  of  weak 
slgals  by  the  organisms"  and  "weak  reactions  of  the  organism  with 
the  reception  of  the  signals."  In  the  first  case  the  tonic  of 
discussion  is  about  the  study  of  any  reactions  of  the  organism  with 
the  reception  of  the  signal  referred  to  the  weak  signal  with  re- 
spect to  any  parameter.  The  second  definition  emphasizes  the 
methodical  side  of  the  work  and  characterizes  the  studies  on  the 
objective  recording  of  the  weak  reactions  of  the  organism  to  the 
action  of  any  signal. 

Unlike  the  first  term,  this  term  has  a sufficiently  clear 
value  and  can  prove  to  be  more  convenient  in  the  objective  study 
of  the  sensitivity  of  the  organisms. 
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